Summiiary. The inhibitory effect of peroxyacetyl nitrate on the cyclic photophosphorylation of chloroplasts isolated ifrom Black Valentine variety bean leaves (Phaseolis vulgaris L.) has been studied. Peroxyacetyl nitrate caused inhibition to photophosphorylation, in either the dark or the ltight, by afifecting the chloroplast Evidence is presented which suggests that peroxyacetyl nitrate could oxidize sullfhydryl groups on enzymes necessary for -photophosphoryllation. The inhibition to photophosphorylation caused by peroxyacetyl nitrate cannot be reversed by glutathione, even when added in large amounts, whereas the inhibition to photophosphorylation caused by para-chloromercuriphenylsuifonic acid is easily reversed by small quantities of glutathione. This suggests that if ,peroxyacetyl nitrate is oxidizing sulf'hydryl groups necessary for photophosphorylation, this oxidation is proceeding beyond the disulifide stage.
Peroxyacetyl nitrate (PAN), a component of photochemical smog, is known; to cause severe damage to plants ( 10) . Light is necessary ibefore, during, and after the fumigation of intact bean plants with PAN in order for damage to occur (12) . In vitro studies have shown that PAN can inhibit photosynthetic reactions (3, 4) but can also inactivate isol-ated enzymes which are not involved in photosynthesis (9) . Thus, it appears that PAN could cause damage by intee-fering in both the photosynthetic and nonphotosynthetic processes of the plant. This report describes studies on the inhibitory effect of PAN on cyclic photophosphorylation by chloroplasts obtained from Black Valentine variety bean leaves. The purpose of this investigation was to study the inhibitory effect of iPAN on a given photosynthetic reaction in a more detailed manner than had previously been done.
Materials and Methods
Chloroplasts were prepared from primary leaves of 8 to 12 day old Black Valentine variety bean plants (Phaseolis vulgaris L.) by a procedure adapted from Margulies and Jagendorf (6) and were washed once. Chlorophyll content was determined according to Arnon (1) .
Photophosphorylation was measured by deternmning the decrease in Pi which occurred when the chloroplasts were incubated in the reaction mixture for 10 minutes at 150 in the light (4000 ift-c) with shaking. The reaction mixture contained 100 umoles tris buffer (pH 8.0), 10 p,moles MgC12, 10 ,umoles KH,PO4, 10 umoles ADP, and 0.1 ,mole phenazine methosulfate (PMS), and water in a final volume of 2.0 ml -in a 25 ml Erlenmeyer flask. The chlorophyll concentration was 0.150 mg per flask. The reaction mixture was denatured by trichlioroacetic acid.
Pi was determined according to Fiske and Subba
Row (5).
A manifold arrangement over the bath pennitted the simultaneous gassing of 11 flasks with PAN and 11 'flasks with N2 or the gassing of 22 flasks with N9. Flow rates were controlled by flowmeters. All N2 gassing was at the rate of 100 ml per minute per flask. The uniform distribution of the PAN into the flasks was achieved by using glass tubing of small and uniform inside diameter (0.5 mm) for the gas outlet. The entire PAN gassing system was first flushed with PAiN before the PAN gassing of the experiment was carried out. The uniformity of PAN gassing was determined by the oxidation of KI by PAN to I2, which could then be determined spectrophotometrically.
PAN was synthesized, purified chromatographically, diluted with N2 and the concentration was determined according to the methods of Stephens et al. (11) .
For the dark inhibition studies, the complete reaction mixture including the chloroplasts was incubated at 150 in darkness and gassed with PAN for 10 minutes. Control, flasks were gassed with N2.
At the end' of the 10-minute dark period, the flasks were incubated in the light for 10 minutes with N2 gassing. The PAN gassing during the dark incubation was at the rate of 0.089 umole per minute per flask but only 0.025 ,umole per minute was recovered in the reaction mixture.
For the light inhibition studies, the react-on flasks were gassed with PAN during the photophosphorylation reaction period itself. Nitrogen gassed control flasks 'were always run simultaneously. The PAN gassing for the light inhibition studies was at the rate of 0.27 zumole per minute per flask but only 0.11 ,mole per minute was recovered in the reaction mixture.
Results
Inhibition of Cyclic Photophosphorylation by PAN. The inhibition of cyclic photophosphorylation by PAN increased progressively when the flow rate was increased in both kinds of inhibition. Inhilbition was also progressive with time in the case of the dark inhibition (; fig 1A) . However, when PAN was introduced only when the light was turned on, it was several minutes before inhibition to photophosphorylation was observed ( fig 1B) .
The Effect of PAN on the Chloroplasts and on PMS. Table I shows that gassing with PAN in the dark affected the chloroplasts and not the PMS. Flushing the reaction mixture with nitrogen after the chloroplasts had 'been gassed with PAN did not serve to reverse the inhibition (see legend, table I). This indicated that the damage caused by the PAN is irreversilble. However, since PAN is known to yield inorganic nitrite (8) , under certain conditions, it is possible that the inhibition could ihave been due to this product which would remain after flushing. The showed that PAN oxidized the cysteine residues of proteins to cysteic acid (7) . 
